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Abstract 
This study was carried out to evaluate the effect of solid-state fermentation (SSF) on cosmeceutical functionalities of rice bran 
using GRAS fungal strains namely Monascus purpureus and Aspergillus niger.  Analysis on water extracts demonstrated the 
enhancement in tyrosinase and elastase enzyme inhibition activity in comparison to the unfermented substrate. High performance 
liquid chromatography (HPLC) analysis exhibited that the ferulic acid component which commonly related to cosmeceutical 
purposes has increased about 2 to 5-fold in all fermented extracts.  Results indicated that the SSF can be an efficient strategy to 
improve bioactivities in rice bran with associated enhancement of cosmeceutical functionality. 
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1. Introduction 
Solid-state fermentation (SSF) refers to the bioprocess carried out in the absence, or near –absence of free water; 
but the substrate must possess enough moisture to support the growth and metabolic activity of the microorganism.   
SSF by filamentous fungi is a biotechnological strategy that has been identified as an efficient means of enriching 
plant substrates for beneficial bioactive chemicals (Mc Cue and Shetty, 2005).  Many studies have reported that 
fungi have very efficient enzymes that could enhance health promoting substances such as organic acids (Sharma et 
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al., 2008), flavor and aroma compounds (Christen et al., 1997), enzymes (Dhillon et al., 2011) and bioactive 
compounds (Vattem and Shetty, 2003; Holker et al., 2004).  In this study, two types of fungus with GRAS status 
namely Monascus purpureus and Aspergillus niger have been used in order to evaluate the effect of SSF on 
tyrosinase and elastase inhibition activity as well as the free phenolic acids content in the rice bran. 
2. Materials and methods 
2.1  Fermentation and sample extraction procedure 
The fermentation of rice bran (30 g) was done using single and mixed culture of M. purpureus and A. niger in 250 
ml Erlenmeyer flasks. The 106 of fungal spores were added into each flask, mixed well and incubated at 32 °C.  
After 12 days, the samples were harvested and dried at 50 °C. The dried samples were kept at -20 °C for further 
analysis. For sample extraction, 1 g of unfermented and fermented samples were mixed with 10 ml of distilled water 
and boiled for 15 min in water bath.  After centrifuge at 10 000 rpm for 15 min, each supernatant was filtered 
through Whatman No. 1 filter paper. The filtrates were then kept at -20 °C for further analysis. 
2.2  Anti tyrosinase activity 
Tyrosinase inhibition activity was determined using the dopachrome method with L-DOPA as the substrate. Fourty  
microlitres of mushroom tyrosinase (31U/mL), 80 μl of 0.1 M phosphate buffer (pH 6.8) and 40 μl of the test 
sample solution were mixed and kojic acid was used as positive control. Fourty (40) μl of 10 mM L-DOPA solution 
as the substrate was added into every sample and blank.These assay mixtures were incubated at 25 °C for 5 min. The 
amount of dopachrome produced in the reaction mixture was measured at 475 nm using the microplate reader. 
Percent inhibition of tyrosinase activity was calculated as the following:  % tyrosinase inhibition = [(A - B) - (C - 
D)] / (A - B) x 100 with A represents the absorbance of blank solution with enzyme; B represents the absorbance of 
blank solution without enzyme; C represents the absorbance of sample solution with enzyme and D represents the 
absorbance of sample solution without enzyme. 
2.3  Anti elastase activity 
The elastase inhibition activity was measured with EnzChek Elastase Assay Kit (Invitrogen Life Technologies Inc. 
USA) according to the manufacturer’s recommendations. The elastase inhibition assay was done by mixing 50μl of 
sample or positive control with 100 ul of porcine pancreatic elastase (0.5 U/ml).  The mixture was then incubated at 
room temperature away from light for 15 min. About 50 μl of 25 ug/ml DQ elastin working solution was added into 
the mixture which served as substrate.  The mixture was then incubated for 30 min at room temperature in the dark 
and measured at 505/515 nm (Ex/Em) using fluorescent microplate reader. Percent inhibition of elastase activity was 
calculated as the following: % elastase inhibition = [(A - B) - (C - D)] / (A - B) x 100 with A represents the 
absorbance of blank solution with enzyme; B represents the absorbance of blank solution without enzyme; C 
represents the absorbance of sample solution with enzyme and D represents the absorbance of sample solution 
without enzyme. 
2.4  Phenolic acids content analysis 
Free phenolic acids in samples were determined using HPLC Alliance Separation Module (Waters 2695), equipped 
with a diode array detector (Waters, 2996). A 10 μl aliquot of sample solution was separated using a reverse–phase 
analytical column (150 mm x 4.6 mm XBridge C18, 3.5 μm, Waters) with the temperature controlled at 25 °C.  The 
mobile phase consisted of mobile phase A (0.1% formic acid) and mobile phase B (methanol) with a flow rate of 0.7 
ml/min. Peak identification was made by comparing retention times and UV spectra at 280 nm and 325 nm with 
authentic compounds. Quantification was made using calibration curves obtained by injecting known amounts of 
pure compounds as external standards.   
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3.  Results and discussion 
3.1  Tyrosinase and elastase inhibition activity 
The effect of SSF on cosmeceutical functionalities of rice bran was studied on tyrosinase and elastase inhibitory 
activity (Table 1). Tyrosinase inhibition is the most common approach to find out skin lightening agent as this 
enzyme catalyses the rate-limiting step of pigmentation (Solano et al., 2006). The anti tyrosinase activity of 
fermented rice bran water extracts was summarized in Table 1 and it was found that all fermented extracts showed 
an enhanced tyrosinase inhibition activity compared with the unfermented extract. It is noted that the inhibitory 
activities varied with the starter organism employed.  Fungi are known to have a great potential for the production of 
bioactive compounds through SSF which lead to enhancement of various biological activities in fermented 
substrates. It produces many types of enzymes during fermentation, eg. glycoside, hydrolase, cellulose, or xylan-
degrading enzymes and esterase which can break down plant cell walls and release esterified and insoluble-bound 
nutrients (Cai et al., 2012).  This enzymatic activity may suggest the enhancement of tyrosinase inhibition activity in 
A. niger and M. purpureus-fermented extract which was about 18 and 4-fold that of the unfermented extract, 
respectively.   
The application of pure cultures dominates in biotechnological processes but the application of mixed cultures 
results in considerable effects such as higher yield of acetic acid production (Kondo and Kondo, 1996.), higher 
ethanol production (Szambelan et al., 2004) and enrichment of the nutrient content of fermented food (Oboh, G. 
2006). In this study, the association of A. niger and M. purpureus results in enhanced tyrosinase inhibition activity 
about 9-fold higher than unfermented rice bran. However, the tyrosinase inhibitory activity was found lower than the 
single culture of A.niger (Table 1). Although mixed culture fermentation always results in higher production of 
desired metabolites, other restrictions such as consistent microbe concentration, pH, nutrients, and temperature are 
also critical for fermentation productivity (Cock and Stouvenel, 2006; Zhang et al., 2007) which indirectly affected 
the biological activity in the fermented substrates. 
Fermentation with these filamentous fungi also had a positive influence on elastase inhibitory effect in each of 
fermented rice bran extracts (Table 1). The inhibition of elastase activity could be used as a method to protect 
against skin aging (Kim et al., 2007). Elastin is an extracellular matrix protein that has an influence on skin elasticity 
and elastase is the proteinase enzyme capable of degrading elastin which can lead to ageing process (Nar et al., 
2001). According to results, different profile was observed whereby in single culture fermentation, the M. 
purpureus-fermented extract gave higher elastase inhibitory effect with the value of 23.22% followed by A. niger 
(12.80%). These results showed that these fermented extracts possessed different effect towards the biological 
activities tested in this study. This observation suggests that the elastase inhibitory activity may be, in part, caused 
by some other different active metabolites generated during the fermentation process. Mixed culture fermented 
extract of M. purpureus and A. niger gave higher inhibition than the single culture fermented extracts (Table 1).  It 
shows that the enzyme consortium produced by the fungal association has released diversity of metabolites that 
contribute to the elastase inhibitory activity. 
Table 1.  Tyrosinase and elastase inhibition activity in fermented rice bran extracts. 
Fermentation Sample Tyrosinase inhibition activity (%) 
 Elastase inhibition activity 
(%) 
 
 Unfermented rice bran 1.69 ± 0.79  9.16 ± 0.54  
Single cultured Monascus purpereus 6.74 ± 0.10  23.22 ± 0.10  
Aspergillus niger 31.46 ± 7.95  12.80 ± 0.10  
Mix cultured Monascus purpereus + Aspergillus 
niger 
14.55 ± 1.63  27.66 ± 0.43  
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3.2   Free phenolic acids content 
Rice bran is the by-product of rice processing which is known containing functional metabolites including 
phenolic compounds (Oliveira et al., 2011). The free phenolic acids content in the fermented rice bran extracts was 
analyzed and summarized in Table 2. It shows that ferulic and syringic acids were detected in both unfermented and 
fermented extracts. It was interesting to find that the content of the above phenolic acids in fermented rice bran 
extracts was higher than in the unfermented extract. Phenolic acids and flavonoids represent the most common 
forms of phenolic compounds found in grains, and they are among the major and most complex groups of 
phytochemicals in grains, with a number of types that exist as soluble free compounds, soluble conjugates that are 
esterified to sugars and other low molecular mass components, and insoluble bound forms (Žilić et al., 2011). The 
enzymatic activity in fungi may have break down plant cell walls and release esterified and insoluble-bound 
nutrients and lead to the increased of the phenolic acids content observed in this study (Cai et al., 2012). Ferulic acid 
is a potent plant constituent that has always been used for cosmeceutical purposes.  The highest content of ferulic 
acid was found in mixed culture extract and followed by M. purpureus-fermented extract.  The increment in ferulic 
acid content in the fermented extracts suggesting the presence of anti-elastase activity in fermented rice bran extracts 
since this compound was known to have anti-ageing effect (Table 2). On the other hand, different trend observed in 
tyrosinase inhibition activity showed that besides the existence of ferulic acid compound, the biological activity 
might be contributed by synergistic effect of other bioactive components. 
Table 2.  Phenolic acids content in fermented rice bran extracts (mg/ml). 
Sample/Phenolic acids Unfermented rice bran 
Single cultured Mix cultured 
Monascus 
purpereus 
Aspergillus 
niger 
Monascus purpereus + 
Aspergillus niger 
Gallic acid - - 15.38 ± 0.24 - 
4-hydroxybenzoic acid - - 10.64 ± 0.98 14.04 ± 0.45 
Vanillic acid - 16.41 ± 0.43 - - 
Syringic acid 6.04 ± 0.69 10.4 ± 1.51 12.95 ± 3.12 21.44 ± 0.24 
Caffeic acid - 4.86 ± 0.14 - - 
p-coumaric acid 7.33 ± 0.09 7.01 ± 0.06 3.03 ± 0.07 - 
Sinapic acid 2.52 ± 0.10 4.68 ± 1.26 1.07 ± 0.51 - 
Ferulic acid 1.88 ± 0.14 9.72 ± 0.93 4.16 ± 2.46 11.00 ± 2.80 
The p-coumaric and sinapic acids also found in unfermented and fermented extracts except for mixed culture 
extract.  However, the content of both phenolic acids were decreased after the fermentation process.  There were 
also some other phenolic acids that existed after the fermentation process such as gallic, 4-hydroxybenzoic, vanillic 
and caffeic acids.   These results can be explained by the fact that levels of bioactive compounds can be modified 
during the fermentation process. The fermentation-induced structural breakdown of cell wall may occur, leading to 
the liberation and/or synthesis of various bioactive compounds (Hur et al., 2014).  
From the present study, it can be concluded that an enhanced anti tyrosinase and anti elastase activity can be 
obtained after the SSF of rice bran with these selected fungi.  Fermentation with these fungi offers a good strategy to 
enhance the bioactivities in the rice bran. 
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